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POR1BWD

This report constitutes an effort to determine

how well people judge and control rates. It concludes

with a best way to encode rate infowation. Special

acknowledgment is made to Janet Tucker for the laborious

task of reducing the Sanborn tapes and to George Fox

fozassisting in the malysis of the data. This report

was prepared at Bell Helicopter Corporation under

Contract Nonr-1670(O0).
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ABSTRACt

The Army-Navy Instrumentation Program has spotlighted the

need for mote information on the judgment and control of rates.

The embryo helicopter pilot Must learn to judge and control s&.veras

rates of novement before he is able to accomplish the one task of

hovering. Little is known of how well rates con be judged and

controlled when encoding rate through the use of some symbol or

index. Assuming they are judged and controlled within acceptable

limits, how should this information be encoded?

Sixteen flight naive and eight flight experienced people

were used as subjects. They were presented two symbols, a line

and a circle which either expanded or contracted. Each subject

was given eight trials in each of the four conditions. The analysis

of the data revealed that each of the groups tested made smaller

final rate and final position errors when using the contracting

circle.

/3
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A STUDY TO DI3TEMtINF HOW WELL RATE CAN BE

DISCRIMINATED AND CONTROLLED

I NTRODUCTION

A basic assumption of the Army-Navy Instrumentation Program is that

the operator of a flight vehicle needs an artificial picture with the

same identity relationships as that created between himself and his

observed world when flying "on instruments". A problem encount red

when encoding an analogue of this observed wrld is to determine the

proper rate of movement for each of the symbols used and the proper

rates of movement when they are combined. The helicopter pilot has had

to learn to judge and control several rates of movement before becoming

qualified in the helicopter.

Although pilots have been judging rates for a long time, little is

known of how well they can judge and control them. This is especially

true when we want to encode rate through the use of some symbol or index.

A survey of the literature reveals little information bearing directly

on this problem. In 1928, M. Pelligrini and M. Ponzoc studied individual

and interindividual variations in Judging the speed of an automobile in

motion. They reported the errors in judging speed were greater while

slowing dowm or speeding tp than during constant motion. While slowing

down the speed was underestimated and when speeding up the speeds were

overestimated.

Other variables that affect rate 'Judgment at the threshold values are

brightness, size of object, background detail, exposure time, monocular

or binocular vision, to naow a few. Psychologists in the past have been4 ._ _ _ _• a
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more concerned with these variables that affect the threshold values than

with how well a person judges aý'solute values of rate.

Aubert, as reported by Dimi'ick & Karl2 in 1886, found when the field

was restricted tn a drum seen through an opening in an otherwise uniform

black field that the limen was increased tenfold. Repeating the same

experiment with a point of light in a lightless field, he found xerception

of motion became highly unstable. The presence of a second stationary

line did not materially alter the results. 13. Bourdon, also reported by

Dimmick & Karl 2 , found that motion is perceptible in a totally restricted

field, but that it requires a considerable amplitude. Dimmick and Karl 2

in 1930, reporting on the effect of exposure time on the lower limen, found

that as exposure time increases the lower limen for perception of visible

motion decreases. ;raham, et al, as reported by Zeger, R. T. 3, found

that the factors influi.ncing monocular movement parallax were: (1) the

movement parallax threshold is lower when the eye follows the stirmlus,

(2) discrimination of the threshold of depth difference is determined by

distance cues other than difference in objct size, (3) an increase in a

rate of basic movement results in an increase in the threshold differential

angular velocity, (4) movement parallax threshold decreases as intensity

of illumination increases and finally reaches a limiting value at high

intensity, and (5) threshold differential angular velocity is about twice

as great along the vertical axis as along the horizontal.

In 1945 Adams, Ellson and Gray 4 reported on, "A Study of Rate Tracking

by Gunners on the B-29 Pedestal Sight". In this study trained and untrained

gunners used the B-29 pedestal sight to do rate tracking of a target

moving either 2 or 6 degrees per second in azimuth. Adequacy of

w£
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performance was determined by examining the output of the automatic lead

com)uters. It was found that the mean probable deviations in computer

output were 2 or 3 times as great with gunner's rate tracking as with

mechanical rate tracking, which may mean if accuracy of tracking is the

prime criteria it should be accomplished by mechanical or electronic

means. However, a look at the total mission must be undertaken before

this decision is made. Ansmwrs to such cpestions as: When is high

accuracy needed? How such is the probability of success of the total

mission increased? What reliability of the man-machine -/stem is re-

quired? riMsC Ind other questions 1uit "•-- amil•vred before an intelligent

division oF the total task can be attrt.'A1.

Assuming that the helicopter will carry a pilot and he will be

required to take off and land, the kind of information best used by the

pilot becomes a critical problem. Is it better to present position-type

infocmation, rate-type information or some third- or fourth-order deriva-

tive of position information? All present-lay instruments, with the excep-

tion of the rate-of-turn needle and rate-of-climb instrument, give position-

type information. Rate information can be derived from some of these

instruments by integratiq* position with respect to time. Third- and

fourth-order derivatives of position are present in today's instruments,

but their utilization by the hiuman operator is highly questionable. If the

machine is allowed to maneuver in a normal manner, presenting third or

fourth derivatiw information is probably useless because of the duration

of the period they are present. Under normal circumstances position canji |
/ 4
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be maintained for a reasonably long period of time. The same can be said

about rates. However, the duration of an acceleration or a rate of onset

is a considerably shorter period of tine. In fact, they are of such a

short duration it is highly improbable that a pilot could read and act

upon more than one or two parameters of information presented in their

primary form unless, of course, a delay term or lead term could be intro-

duced into the signal which would be lagging or leadin. the actual system

output. This type of information is unusable by the pilot in a normal

situation, and fatal in an evergency. If the foregoing logic holds, then

the most fruitful of the position derivatives to study is rate. This

experiment was designed to determine how well a Person could control and

discriminate rates and rat-s of chb.mre of rates (deceleration) given

certain ways of encoding the information. Two different symbols were

used, a line and a circle. They could either be expanded or contracted

to show a rate of change, to test, for example, the influence of an

expanding circle as compared with one which contracts upon the discrimina-

tion and control of rates.

THE WVBRIMENTAL DESIGN(

A Latin square design was used. Each of the subjects performed the

task eight successive times in each of the four experimental conditions

using four control sensitivities. Since the same task was performed in

each of the experimental conditions, by all subjects, it was to be expected

that there would be improvement is the pcrformaance of the task by each

subject during his **stin series,
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To balance out any such practice effects, interference effects,

transfer from one condition to another, etc., each of four subjects were

tested in the four conditions in a different serial order as shoial in

Figure 1.

The same balanced design was used to limit the usefulness of the

control as a cue in making judgment about zero rates and zero positions

as shown in Figure 2.

"rhe last four control sensitivities ý&re the reverz,,e of the first

four. The second subject received the control sensitivities in rverse

order to subject number one. Each vroup of eight subjects received the

control sensitivities in a different columnar order, i.c,., subject 3

started with sensitivity 4 in his firt cndition, subject 4 with

sensitivity 2, etc.

EXP EIMENTAL APPARATUS

A standard 5" cathode ray tube was used as the display media in this

experiment. The front of the tube was modified for a cpuick change of

the reference index. The hood was slotted so that the plexiglas with

inscribed indices could be placed next to the tube face. The indices

were concentric circles on yellow #2048 plexiglas. The sweeping circuit

of the CRT was modified with a switching circuit to allow the target

symbol and aoving symbol to a,)pear on the scope slmultaneously. This

procedure nullified the drift inherent in the CRr. The subject's control

was a six-inch diaeter wheel mounted vertically on the right arm of the

subject's seat with the axis of rotation perpendiculma to the am.IW
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EXPERI MNTAL DESIGN

C2
rIGURE 2

L

B C C = Circle
w~v~rrL = Line

MOMENE z Expan
C a Contract

REPLICATION OP CONDITIONS

SUBJL•Crs ORDER1 2 3 4
*1 1* 4 2 3

2 4 3 1 2
3 2 1 3 4
4 3 2 4 1 * Numbers in cells refer to

5 4 3 1 2 condition under which trial

6 2 1 3 4 was run as follows:
7 3 2 4 1 1 a Line flqanding (LE)
8 1 4 2 3 2 = Line Contracting (LC)

9 2 1 3 4 3 = Circle Expanding (CE)
10 3 4 2 34 1 Circle Contracting (CC)
11 1 4 2 3

12 4 3 1 2

13 3 2 4 1
14 1 4 2 3
is 4 3 1 2
16 2 1 3 4

FOR EXAWPLE, St*ject #1 received the conditions in the
following oeder:

4 (CC)
0� 2 ( ,O

* 3 (CE)iP
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ORDER OF PRESENTING OWNTROL SENSITIVITIES

CONDITION IrIAIS

I1 1 4 2 3 3 2 4 1

4 4 3 1 2 2 1 3 4
Subject I

2 2 1 3 4 4 3 1 2

3 3 2 4 1 1 4 2 3

4 3 2 4 1 1 4 2 3

3 2 1 3 4 4 3 1 2
Subject 2

1 4 3 1 2 2 1 3 4

2 1 4 2 3 3 2 4 1

Replicated for 16 subjects

* Sensitivity

0i

o"

__ _ _ _ _ ___ _ _ _ _ __ _ _ _ _ _ __ _ _ _ __ __ _!~ ~ ~
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EXPERIMENTAL APPARATUS - Contd.)

The edge of the wheel was one and one-half inches wide. For each trial the

displacement of the control for a given rate was changed, as indicated by

the experimental design. After each trial the control was set on zero

rate by aligning a set of reference marks. The control was capable of

a positive or a negative input to the drive mechanism which controlled

the increasing or decreasing size of the symbol. Two Sanborn recorders

were used to record position and rate. The position tape was calibrated

so that a discrete line on the tape corresponded with a discrete position

of the display and the rate tape was calibrated to accommodate the

maximum rate of change of the display. Each tape was coded simultaneously

at the beginning and end of each trial and when the subject pushed the

event markr indicating that he judged himself to be at a zero rate at the

reference circle.

The experimenter's control station had the appropriate controls to

change from a line to a circle and from expanding to a contracting condi-

tion. A rteferent change was made by sim)ly lifting one face out of the

slot and inserting another.

SUBJECs

A flight experienced group and a flight naive group wre used in the

experiment. The eight subjects in the experienced group %ere members of

the Bell Helicopter flight test staff. The sixteen volunteer naive subjects

work in the Bngineering Department. All had normal vision, as measured

by the Snellen Eye Chart. The ages of the naive group ranged from 19-26

with an X of 24.6. The pilot group age averaged 37 with a range of 33-47.
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The subjects in the naive group had never flown a helicopter, airplane

or simulator, nor had they participated in an experiment of a psycophysical

nature.

P ROCEDURB

Before an experimental session began the subject was read a carefully

prepared set or instructions (see Appendix). After all questions pertain-

ing to the task .-re answered, the sub iect was given two practice trials

on each condition with different control sensitivities.

The subjects performed each of the experimental conditions using four

different control sensitivities. In each condition he was required to

attain a rate of movement by the time a discrete position on the scope face

was reached, to hold this rate of movement for another discrete distance,

then to decrease this rate at a constantly changing rate to reach a zero

rate at the zero position. This was accomplished for both the circle and

the line. After each trial the control sensitivity was changed before the

next trial began. An opportunity to overshoot or undershoot was provided

in the design of the equipment. The subjects were told at the start of the

experimental period their primry task was to attempt to have a zero rate

at the zero position. An event marker was controlled by the subject. When

the moving symbol was judged to be stopped and coincident with the target

symbol, the subject pushed a button actuating an event marker which marked

both the rate and position tapes. This signified the end of a trial and

the equipment was then readied for the next trial.

The subjects were allowed to attain their own rate of movemet of the



IBL.C 31esMODEL-- PAGE 10...

CHECKED W.[ G. Miatheny• V, ~r_ 223-40-0

symbols. Each trial was started with a forward motion of the control

regardless of the direction of movenent of the symbol.

STATISTICAL ANALYSIS

RATE EXPF 1RIriMT I

• EASUR MENT S

Data was recorded on two Sanborn recorders. f)'e Sanborn recorded

position, the fther rate. the pobition tape produced one set of data

called final position. These ;ere the deviations about the final position

index. The rate tape provided four other measures for analysis. These

were the measurements of final rate, deviations about a constant decelera-

tion or performance, time of descent, and total time.

ANALYSIS NtETIIDDS

The parametric analysis of variance w.as used in all those cases where

the underlying assumptions could be ret. 4thon tests for homogeneity and

normality showed the inadvisability of using the parametric test, Dr. K. V.

Wilson's Distribution-Free Test of Analysis of Variance Hypothesis 5 was

used. As shown in Table 1, tJhere was no significant differences in the

main effects of figure %hen using the line or the circle. Hovever, further

analysis shows that there was significant interactions in the conditions

tested.

Final Position: The deviations from final position were signed

accordiLg to the following method. A subject indicating zero position

before reaching the zero point was given a positive deviation, accordingly

if the figur2 had passed through the zero position before the indicationi '
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TIME OF FINAL

SPmSFORMANCO TOTAL TIME DBSCBNP FINAL RATS POSITION

Circle, 8,38 2.77 85,23 22,6 50.42 9.76 2.52 1.25 .70 2,47

Linhe 4,97 2.69 61,90 14.20 34.58 8.62 2.73 2.05 1.51 2.43

MOVEMENT:

Cotttractlz•g 8.29 2.85 74.75 21.9? 45.45 12.39 2.51 1.74 .9" 2.70

Ezpandiag 9.06 2.81 72.38 15.20 39.55 6.86 2.73 1.22 1,46 3.30

SENSITIVITY: , I

1 12.29 3.49 58,47 16.98 38,34 11,27 1.98 .9? 1.12 2.52

2 8.,52 3.18 69.43 15.70 40.55 7.43 3.17 1.22 1.11 2.-1

3 7.45 2.79 76.11 18.36 42.86 9.09 2.98 14.4 1.02 2.37

4 6.44 1.97 90.25 21.11 48.27 9.39 2.34 1.81 1.28 3,17

FIGUR & M3VENEM .":

09.21 324 1.62 1,26 .35 2.5

CE 7.55 2,84 3.41 1.88 1.07 3.52

LC 7.38 3.52 3.39 3.36 1.57 2.167

LB 10.56 3.20 2.06 1.31 1.46 3.22

* SLgnificant at .01

On Oly sigificamt interactioas alow
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FINAL TIM OF FINAL
FINAL RATE POSITION PERFORMANCE TOTAL TIME DESCENT FINAL RATE POSITION

,i i II I ! - .

6 2,52 1.25 .70 2.47 11.83 7.26 87.13 39.88 54.97 24,34 2.20 1.25 .70 1.10

Z 2.73 2.05 1,51 2.45 13.64 8.85 78.80 33.12 51.96 26.57 1.76 1.79 .49 1.36

0 2.51 1.74 .95 2.70 11.51 7.39 90.29 41,22 61.26 31.54 1.91 1.75 .32 1,.3
6 2.73 1.22 1.26 3.30 13.96 8.67 75.63 30.86 43,66 17.95 2.07 1.42 .86 1.82

7 1.98 .97 1,12 2.52 18.13 8.81 70.11 29.41 50.69 23.75 1.32 1.56 .34 .96

3 3.17 1.22 1.11 2.16 12.59 7.29 78.82 38,07 51.78 27.57 1.89 1.53 .43 1.17

0 2.98 1.24 1.02 2.37 10.53 6.S7 86.34 39,48 53.58 26.63 2.49 1.58 .72 1.29

9 2.34 1.81 1,28 3.17 9.67 6.15 96.58 38.59 57.81 23.44 2.16 1.78 .87 1.26

1.62 1.26 .35 2.59 C11.88 6.79 1.48 1.14 .01 1.68
3.41 1.88 1.07 3.52 11.77 6.99 2,99 1.75 .98 2.47

3.39 3.36 1.57 2,67 11.14 7.93 2.34 2.86 .65 2.12

2.06 1.21 1.46 3.22 16.14 9.02 1.16 1.37 .75 2.55

shown
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was made the deviation was considered as negative. This method was used

on all experivental conditions. Due to the negative numbers involved

a value of +12 was added to all deviations, pilot and non-pilot, before

any statistical procedures were carried out.

In both pilot and non-pilot groups the distribution of deviations was

found to be close enough to normal to proceed with a paranetric analysis

of variance. Investigation into the distribution of variance proved the

data to be homogeneous in nature.

Final Rate: Positive and negative signs were Given on f inal rate

deviations in the same manner as the case of final position. A value

of .25 was added to all deviations to eliminate minus signs before any

statistical procedures were initiated.

The scores of the non-pilot group were found to be normally distributed

and to show homogeneity of variance; therefore the analysis of variance meth

of analysis was used. The analysis was performed with raw, untransformed

data. The readings from the pilot group were found to lack normality of

distribution and homogeneity of variance. Due to the failure of the data

to satisfy the two basic assumptions required for the analysis of variance

a nouaparametric analysis was performed.

Performmuce: To determine how well the subjects could judge and execute

a constant decreasing rate to a zero rate and a zero position, a straight

line was drawn from the point at Which a decrease in rate was evidenced to

zero rate at the point the subject indicated he was at a zero rate and a

sero positim. This Uine was then divided into twenty equal units. These
i 0
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different points vAre then read as deviations from this inscribed line.

A "V" score was obtained from these twenty deviation scores using the

formula V =/ y. V = f.(std - X)W , Wrt th,Ž standarJ equals 0.

Therefore, V = . IE analysis the V-score was considered as raw data.

/ N

Due to the fact that V-scores are not distributed normally, the data

were transformed using logarithms to the base ten. Normality thus restored,

the analysis of variance was performed on pilot and non-pilot performance

data.

'ime of Descent: Time measures wera computed fror the tapes for the

time spent under decre.sing rate. In the case of the non-pilot group the

data were homogeneous but lacked normality of distribution. A log trans-

formation conv.rted the shape of the curve satisfactorily aud an analysis

of variance was performed.

On pilot data, the data failed to oe2t a test for homogeneity of

variance as well as showing a non-normal distribution; therefore, a non-

parametric analysis was used.

Total Time: Total time was measured from the point of the first control

movement to the point where the indication of zero rate and position was

made. As in the case of descent time a log transformation was necessary on

the non-pilot data to achieve the requirement of normality. A nonpazametric

analysis was used on pilot grop data due to lack of homogeneity and

normality,

r I
!3t '
"____
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RESULTS

This experiment was designed to minimize the problem of the subject's

utilizing ontrol displacement as a cue in judging final p)osition. AS

shown in Table 1, there were no significant interactions between figure,

movement and sensitivity. Only those iuteractions that were significant

are shown on this table. Using time as a criteria of performance there

is a significant differeuce between the sensitivities when total time is

used as a measure of performance; however, using time of descent as a

performance measure no significant difference is evidenced.

Total time was divided into three separate times: time to attain a

constant rate, time at a constant rate, and time of descent. Assuming

that time of descent is the best measure of the tie variable in naking

Judgments of how well a subject performed, the control did not aid in the

judgment of final rate or position. Therefore, the subjects were forced

to reccive all their rate arkn position information through the visual

senses. The accuracy with which the subjects were able to judge final

position of the symbols was determined by their ability to differentiate

and discriminate the moving symbol to be coincident with the target

symbol.

The first questiai to be answered was, how well can the human operator

Judge and control rates? An analysis shows that rates can be discriminated

and controlled consistently and accurately within the limits set forth in

the experimental design. Performence In this experiment meas how well the

subjects could discrimLnate mad control a changing velocity, which wuld

a
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produce a constant glide angle to a desired point. Deviations about this

desired path is one measure of how well the subjects were able to interpret

and control the displays presented.

An analysis of the performance scores of the pilot group showed no

statistical significance of the main order effects of figure or movement.

However, as the control sensitivity was decreased a corresponding decrease

in the error scores was significant. The test of the interactions showed

only one significant interaction, that was the one of figure by movement.

The pilot group's perfornance c-cores were significantly smaller when using

the contracting line.

The total time measure for the pilot group, when subjected to an

analysis, showed that they used significantly less time when operating with

the line. This time measure showed no difference as to the direction of

movement of the symbols. Ilowevr, as the sensitivity of the control was

changed there was a bigunficant difference in the amount of time used.

The more sensitive the control the lesr, time corsumed. There were no sig-

nificant interactions of the time mea.ure. The above results apply also

to the time of descent measure, with one exception. The changing of the

control sensitivity did not significantly affect the time of descent.

Another measure of bow well the subjects could discriminate and-control

rate is the accuracy with which they were able to stop the movement of the

symbol on the target. The actual amount of displacement of the controlled

symbol indicated that, in his judgment, the two were coincident yielded

two measures. These were fLil rate, or rate of movement of the controlled

m urhe dmu it was judpd to be st ero position, and final position, of
q
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amount of actual displacement from zero when displacement was judged to

be zero. An aalysts of these scores gives an excellent indicatico of the

accuracy with vAich this type of rate information was discriminated and

controlled.

The final rate measure showed no significance for figure, movemnt or

sensitivity. The interaction of figure by movemnt showed that the pilot

group had significAntly snaller errors with the coutracting circle. The

final position measure showed no statistical significance for the main

va.riables of figure, movement, or sensitivity. There were no differences

shown in the interactions.

The analysis of the sonres of the non-pilot group produced essentially

the sa results as the pilot group. The performance scores indicated no

differences between the two symbols used. They did show that the direction

of movement was significant, the contracting condition producing the

smallest errors as well as the smallest amount of variability. Again the

performance scores showed a significant difference as the sensitivity was

changed, the errors getting smaller with less variability as the control

sensitivity decreased. The figure by movement interaction resulted in

a statistical difference; however, the three conditions of contracting

circle, expandig circle, and contracting line being different than tim

expanding line, but a "t" test between the combinations of the three

conditions produced no difference. The error variability ms smallest

with the contracting circle.
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An analysis of the total time scores of the non-pilot grotp showed

no differences in the two symbols. The movement and control sensitivity

variable did show statistical differences. An expanding condition resulted

n a significant saving in tie, as did increasing the sensitivity of the
control.

Tim of descent scores prodcbed about the san results as the total

time score with one exception. Changing the control sensitivity did not

significantly affect the time of descent.

The final rate scores showed no significant differences in the symbols

used, the direction of ovemnt, or the sensitivities. A statistical

difference was demonstrated on the interaction of figure by movement. The

expanding line condition resulted in the smallest average error; however,

the contracting circle produced the least amount of variability. A "t"

tebt showed no difference betwe.:n tho, two conditions.

Analysis of the final positiou scrore indicated no difference between

the circle or line. A statistical significance was shown for the direction

of movement. The contracting condit ion produced the smallest final

position error.

Control sensitivity did not significantly affect final position. The

figure by movement interaction showed a difference between the conditions

tested. The contracting circle produced the smallest errors and the least

amount of variability.

Ot

a'=
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In summary, if performance, as previously defined, is used as the

criteria the results of these data indicated the circle to be the preferred

symbol. The rovement of the symbol should be contracting and the less

sensitive the control the better the porformance. However, if tine is the

prime criteria, I:ss time was .,sed with the line• and the expanding condition.

The more sen-•itive the control produced tha shortest tims. Weereas, using

the measures of final rate and final position is the prime criteria, the

contracting circle produced the smallest errors with the least amount of

variability.

DISCUSSION

The results of this study show that pilots and non-pilots can control

rates in a consistent manner when operating within the limits set forth

in this experiment. It also shooed that final position Judgments were

consistently good with little variability.

The question of what symbol to use when encoding rate information

appears to be of little importance to either group. They both performed

equally well using the line or the circle. The non-pilot group did perform

somewhat better using the circle; however, this difference was significant

at only the .05 level of confidence,

Movement of the symbol did not significantly affect the performance

of the pilot group, while the non-pilot groip performed significantly better

with contracting condition. The performance and accuay of the pilot

group, as shown in Table 3, was better when using Ohe circle and thea
q
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contracting movement. A check of Table 1 shows the non-pilot grow also

performed better with the contracting movement. However, as to v.iich

symbol to use in performance and acctracy, they differ from the pilot groip.

Their performance errors were smaller with the circle, but a greater degree

of accuracy of final position and final rate was demonstrated with the

line. As indicated, none of these were significmat. When considering

displaying this type of rate information the question arises as to where in

the flight prograr a new type display should be introduced and/or can it be

used operationally? With this as a goal it is interestin, to note the small

differences between the pilot and the non-pilot groups. In gen!ýral, the

data shows them to be in consistent agreement as to the symbol to use and

the dir-zctio of'f Lovew.nt it should have.

To Jetermine how well rates can be. judged and controlled in a practical

situation the landing mode of a helicopter mission lends itself nicely.

The helicopter pilot in making an approach for landing at some point on

the descent begins decreasing airspeed. groual speed, rate of descent and

rate of closure to tha touch-down point to reach a position of hover over

the landing spot, thcn to slowly descend to zero p)osition with a minimm

amotmt of rate. The primary purpose of the pilot is to exectste. the landing

without damaging the helicopter. His actual performance and time consumed

to accomplish this is secondary. Therefore, final po'sitiom and final rate

uvre used as ,pritvry parameters in d-t-rmining how well the sul.jects were

able to judge and control rates.

The total travel of the symbols across the CRT was 1.425 inches. This

was represented on the Sanbomn tape as four centimeters of excursion.
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Each millimeter was divided into rour equal parts; therefore, 160 units

equalled 1.625 inches of travel. One unit of position represents .%l inches

on the CRT. Assuming the rate to be constant at the time the naive subjects

indicated zero rate an.! zero position, their mean rate over all conditions

was .02 inches per second referenced to the scope face. Their mean position

error over all conditins was .006 inch. The experienced subjects' mean

rate at the time they indicated a zero rate and zero position was .026 inches

per second with a ulan position error of .011 inches refzrenced to the scope

face. If it is assumed that rate and position can be discriminated and

controlled within the same limits on a contact analogm , vhat range of

values can these mean units of error represent?

One unit of rate can be set to equal .805 feet per second. One unit of

position can be arbitrarily set at 1 foot. Usin these figures to determine

how well subjects can control rate and judge position, we find the pilot

group on the average was able to Judge positioA within 13.3 inches, with a

mean rate of 2.11 feet per second from an altitude of 160 feet. The non-pilot

group judged position within 7.08 inches, with a mian rate of 1.60 feet per

second. If in both cases the subjects held the rate constant at this point

until contact with the ground was made, the pilot group's average force

upon contact with the ground *would be 1.92 G's, and the mom-pilot group

would contact the ground with a force of 1.76 G's. A force of 2.4 G's

is needed to produce a yield of the cross tubes an the skid goar, and a

force of 3.5 G's for ultimate yield. The yield is defined as a force great

efough to produce a permanent set greater than .2 of one percent 6 ItA

ultimate yield is a force great enoug~ to cause replacemuat but does not
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mean that the structure failed. If we let the maximum distance that the

syTnibol traveled represenzt 80 feet of altitude, the subjects then could

judge their position within 4.2 inches. A decrease in the amount of

altitude the sym'Wol rmst represent makes for . coarrespouding decrease in

the mean error. A 2)-foot sclie would produce a mean error of I inch,

uAhereas a scale of 1,000 feet .. uld produce a mean errur of 5 feet. The

same holds true for the rate. A decrease in the rangc )if rates the symbol

must represent ma,:es for a corresponding decrease in the- Lan error.

Sixty-one percent of the non-pilots and 52% of tac pilot group's firal

rate wa.5 in error by only 2 units or less, as sio~nw ir: Piibrcs 4 and 6 in the

Appendix.

Arx exarihation of ,igures 3 through 11 Zives information as to how

position informutimn, rate infornation, or rate plus position i-nformation

should bc encoded. The percent of total errors is plotted along the

orciinate and arlitrary units of error along the abscissa. The prime criteria,

of course, is the &ccuracy required. If the required accuracy for position

is two uniLs cr less, Figurt .3 shows that inexp..rienced people will do

better with a ccritracting circle; however, if the required accuracy is

1 unit or ltss they w.ill perferm equally well with the contracting circle

or contracting line. The oxr,-rienced person will also do better with the

contracting circle for an accuracy of two units or less, but with a required

accuracy of one unit or les they will do better with a contracting line,

as shown in Figure 7. iguare 9 is a plot of the per cent of total erro. s

for both groups and shows that the contracting circle should be used for

a required accuracy of two units or less.
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Assuming a requirement to encode both rate and position with one synbol,

Figure 11 shows that for both experienced and inexperienced people the

contracting circle is best throughout the range of accuracies shom1.

Prthor eVperinentatirm is needed to detcornino howi kncsived-rL of resIts,

e'rcod:ing, etc., affects rate and position Jd.ment.. Alsn, what nrohI$rs

are encountered when conbining a decrvasin. circle s'i.ihoI with other :,'-bols

"which present information about different paranmters.

0
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APPPENDIX I

IN,'rRUCTIONM T'O lE(JL'r

This experiment is designed to determine Which of a series of visual

presentations is the easiest to interpret. The different syubols will be

presented on the scope before you. They will be a line and a circle.

Sometimes they will start from the center and grow larger or longer, and

sometimes they will begin at the outer edge and decrease in size. (Demonstrate

You will be presented with four (4) different conditions and given

eight (8) trials on each condition. You will start each trial when I say

"now". The trial will be started by pushing the control on your right

forward. Attain a rate oa change at the target circle and try to maintain

a constant rate of change until you hit the "change" point, then start a

constant changing rate so as to reach a zero rate at the target circle

withotit overshootio or undershooting. The farther you push the control

the faster the line or circle increases or decreases. For each trial the

amount of displacemnnt of the control for a given rate will be changed

at random. The trial will end when you have superimposed the line or circle

on the target circle. When you judge that you have the moving symbol

exactly on the target circle and stopped, press the swi-tch and we will

start a new trial. Remember that you will always start each trial by a

forward movement of the control, he ther the symbol is increasing or

decreasing, and a trial will end %hen you have the target and symbol

exactly coinciding and signify this decision by pressing the stop switch

as soon as possible, Remmber also to keep a constant rate of change to

the "chine" circle, them a constant decreasing rate to reach a zero rate

at at target circle,

I will infogm you at the start of each new condition. Do you have any

qu*tioms? I I1U give you a short practice session so that you ftlly

V0g. i 16at you e to do. (PMUSMNT PRACIICE SESSION) Do you Ihw

UWSW qAst*U SW? (After questions) we an reofy to tbgin -reod. N•w
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